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(57)Abstract: 

PROBLEM TO BE SOLVED: To realize a telephoto zoom 
lens whose telephoto end focal distance, variable power 
ratio and f-number are respectively set to specified 
values while maintaining excellent optical performance 
by moving a rear group in a 1 st lens group along the 
optical axis, performing focusing and constituting the 
zoom lens so as to satisfy a specified condition. 
SOLUTION: Focusing is performed by moving a rear 
group G1R in a 1st lens group G1 along the optical axis. 
Then, when the focal distance of a front group GIF in 
the 1st lens group G1 is fIF, the focal distance of the 
rear group G1R is f1 R and a distance along the optical 
axis between the surface of the front group GIF nearest 
to an image side and the surface of the rear group G1R 
nearest to an object side in the focusing state of an 
infinity object is D1, this lens is constituted to satisfy 
the condition expressed by expression; 0.005<f1 R/ 
(f1F.DlX0.055. By such constitution, the weight and the 
focusing moving amount of a focusing lens group are 
made small, the telephoto end focal distance is made >1 80 mm, the variable power ratio is made 
>2 times and the f-number is made <3 while maintaining the excellent optical performance. 
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1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the suitable objective 
lens for a focus for an one eye reflex camera, an electronic still camera, etc. especially about the 
diameter ratio internal'-focusing looking-far zoom lens of macrostomia. Furthermore, a tele edge 
focal distance is 180mm or more, a variable power ratio is more than double precision, and the f 
number is related with a detail at the so-called diameter ratio internal-focusing looking-far zoom 
lens of macrostomia smaller than 3. 
[0002] 

[Description of the Prior Art] The so-called diameter ratio looking-far zoom lens of macrostomia 
of 1 group delivery focus method which is made to move the 1 st lens group arranged most at the 
body side, and performs focusing (focus) from before is used for the one eye reflex camera, the 
electronic still camera, etc. With the diameter ratio looking-far zoom lens of macrostomia of this 
kind of 1 group delivery focus method, since [ that the effective diameter of the focussing-lens 
group (the 1st lens group) which moves along with an optical axis on the occasion of a focus is 
large and ] the weight is large, in case it is an automatic focus (AF : auto-focusing), the load to 
the motor for a drive becomes large. Consequently, with the camera using the diameter ratio 
looking-far zoom lens of macrostomia of 1 group delivery focus method, there was a fault that 
cell consumption became excessive and a battery life became short. Moreover, since the 
movement magnitude (focus movement magnitude) of the focussing-lens group accompanying a 
focus was also large, AF drive time became long and there was a fault of being unsuitable for 
quick photography. 

[0003] In order to solve an above-mentioned fault, the 1st lens group of fixation among variable 
power is divided into two at the pre~group of right refractive power, and the back group of right 
refractive power, and the focus method which moves a back group in the direction of an optical 
axis as a focussing-lens group is proposed by JP,6-51 202,A. Moreover, the portion equivalent to 
the back group of JP,6-51202,A is moved to an image side on the occasion of the variable power 
from a wide angle edge focal distance state to a tele edge focal distance state, and even if it 
faces a focus, it is made to move in the direction of an optical axis independently with the zoom 
lens indicated by JP,7-294816.A, in order to solve an above-mentioned fault. 
[0004] 

[Problem(s) to be Solved by the Invention] The looking-far zoom lens indicated by JP,6-51202,A 
is very as roughly as 8.3m-8.4m inadequate [ focus maximum point-blank range ] as a general 
taking lens in the state of a tele edge focal distance, although it has succeeded in lightweight- 
ization of a focussing-lens group by constituting a focussing-lens group from a positive lens of 
one sheet. If a focussing-lens group is temporarily moved to the photography distance (1.5m) 
which this invention makes the purpose, necessary focus movement magnitude of a focussing- 
lens group cannot become large with 1 6.6mm - 1 8.7mm, and quick AF drive cannot be performed. 
Moreover, since only the positive lens of one sheet is used for a focussing-lens group, the 
spherical aberration of a focussing-lens group is not amended good. Consequently, near change 
of the spherical aberration by focus in the tele edge focal distance state is too large, and does 
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not become useful as a general taking lens too. 

[0005] On the other hand, with the zoom lens indicated by JP,7-29481 6,A. since the effective 
diameter of a focussing-lens group can be made small by above-mentioned composition, • • 
lightweight-ization of a focussing-lens group is attained. Moreover, it has succeeded in making 
movement magnitude of a focussing-lens group comparatively small with 8.3mm - 13.4mm. 
furthermore, the thing for which a focussing-lens group is constituted from two groups [ two ] of 
a meniscus negative lens and a meniscus positive lens — the spherical aberration of a 
focussing-lens group — good — an amendment — things became possible and near change 
(especially tele edge focal distance state) of the spherical aberration by focus is mitigated 
[0006] However, since the focussing-lens group is moved to JP,7-294816,A on the occasion of 
variable power with the zoom lens of an indication, the focus movement magnitude of a 
focussing-lens group will change depending on a focal distance. This shows that this optical 
system is a barricade focal lens instead of a zoom lens in fact. Therefore, in order to constitute 
so that this optical system can be treated like a zoom lens, you have to add the interlocking 
member for interlocking the move cylinder for a focus, and the cam cylinder for variable power 
on the occasion of variable power, consequently, everything but the weight of the hardware for 
focussing-lens groups in the weight (it included to the hardware weight) of the focussing-lens 
group which the motor for AF drive should drive — the linkage with a variable power lens group 
— since the weight of a member is also added, the burden of the motor for AF drive will become 
overall quite heavy 

[0007] Moreover, if the indication technology of JP,7-294816,A is considered from a viewpoint of 
a lens assembly Although an image formation side is in the inclination to fall greatly when the 
focussing-lens group which is a part of tele photograph type pre-group (lens group which is 
before a variable power lens group here) carries out eccentricity Since it becomes total with the 
connection backlash of the backlash of the movable portion for a focus of the backlash of a 
focussing-lens group, and a variable power lens group, it is very difficult for the amount of 
eccentricity of focussing-lens **** to turn into the very big amount of eccentricity, and to 
maintain the flat nature of an image formation side in a real product. 

[0008] Maintaining the outstanding optical-character ability, this invention is made in view of the 
above-mentioned technical problem, and the weight and focus movement magnitude of a 
focussing-lens group are small, a tele edge focal distance is 1 80mm or more, a variable power 
ratio is more than double precision, and it aims at the f number offering three or less diameter 
ratio internal-focusing looking-far zoom lens of macrostomia. the [ moreover, / the 2nd lens 
group and ] — the effective diameter of 3 lens groups is made small, and it aims at offering the 
diameter ratio internal-focusing looking-far zoom lens of macrostomia which can arrange the 
motor for AF drive into the level difference portion of the circumference of a path with the 
effective diameter of the 1st lens group 
[0009] 

[Means for Solving the Problem] The 1st lens group G1 which has positive refractive power in 
order from a body side in this invention in order to solve the aforementioned technical problem, 
The 2nd lens group G2 which has negative refractive power, and 3rd lens group G3 which has 
positive refractive power, In the looking-far zoom lens which is equipped with the 4th lens group 
G4 which has positive refractive power, is made to move the aforementioned 2nd lens group G2 
and aforementioned 3rd lens group G3 along with an optical axis, and performs variable power 
Pre-group GIF to which the aforementioned 1st lens group G1 has positive refractive power in 
order from a body side, It consists of back group G1R which has positive refractive power 
stronger than pre-group GIF. this — after [ the above ] group GIR in the aforementioned 1st 
lens group G1 Sequentially from a body side, it consists of a meniscus negative lens which 
turned the convex to the body side, and a positiveHens component. It focuses by moving after 
[ the above ] group GIR in the aforementioned 1st lens group G1 along with an optical axis. The 
focal distance of aforementioned pre-group GIF in the aforementioned 1st lens group G1 is set 
to fIF. When [ of aforementioned pre-group GIF / in / an infinite distance body focus state / 
the focal distance of after / the above / group GIR in the aforementioned 1st tens group G1 is 
set to f 1 R, and ] / the field by the side of an image and distance of after / the above / group 



http*//www4 ipdLjpo.go.jp/cgi-bin/tran.web^cgi,eije 



2003/05/16 



G1R which met the optical axis between the fields by the side of a body most are most set to 
D1, The diameter ratio internal-focusing looking-far zoom lens of macrostomia characterized by 
satisfying the conditions of 0.005<f 1 R/(f 1 F-D1 ) <0.055 is offered. ' . ' 

[0010] According to the desirable mode of this invention, the focal distance of the 
aforementioned 1st lens group G1 is set to f1. Set the focal distance of the aforementioned 2nd 
lens group G2 to f2, and the focal distance of the aforementioned 4th lens group G4 is set to f4. 
The synthetic focal distance of the aforementioned 2nd lens group G2 and aforementioned 3rd 
lens group G3 is set to f23. When the focal distance of the zoom lens whole system in a wide 
angle edge focal distance state is set to FW and movement magnitude of the direction of an 
optical axis of after [ the above ] group G1R accompanying the focus to the body of the 
maximum point-blank range (7.5 times of a tele edge focal distance) from an infinite distance 
body is set to **D1, The conditions of 0,04<(lf23|, FW)/(f1. f4. deltaDI) <0.132x10-3<|f2|/(f1, FW) 
<3.8x10-3 are satisfied. 
[0011] 

[Embodiments of the Invention] In this invention, it has the 1st lens group G1 of right refractive 
power, the 2nd lens group G2 of negative refractive power, 3rd lens group G3 of right refractive 
power, and the 4th lens group G4 of right refractive power sequentially from the body side. And 
variable power from a wide angle edge focal distance state to a tele edge focal distance state is 
performed by reaching 2nd lens group G2 and moving 3rd lens group G3 along with an optical 
axis. Moreover, the 1st lens group G1 consists of pre-group GIF of right refractive power, and 
back group G1 R which has right refractive power stronger than these pre-group GIF 
sequentially from the body side. Furthermore, back group G1R in the 1st lens group G1 consists 
of a meniscus negative lens which. turned the convex to the body side, and a positiveHens 
component sequentially from the body side. Moreover, the so~caHed internal focusing which 
focuses by moving back group G1R in the 1st lens group G1 along with an optical axis as a focus 
method is adopted. Hereafter, the composition of this invention is further explained to a detail 
referring to each conditional expression of this invention. 

[0012] First, the following conditional expression (1) is satisfied in this invention. 
0.005<f 1 R/(f 1 F~D1) <0.055 (1) 

Here, fIF are the focal distance of pre-group GIF in the 1st lens group G1. Moreover. fIR is the 
focal distance of back group G1R in the 1st lens group G1. pre-group GIF [furthermore, / in / 
an infinite distance body focus state / in D1 ] — most — the field by the side of an image and 
the distance G1 of back group G1R which met the optical axis between the fields by the side of 
a body most, i.e., a pre-group, — it is an axial sky mind interval between F and back group G1R 
[0013] When it exceeds the upper limit of conditional expression (1), the effective diameter and 
necessary focus movement magnitude of back group G1R which are a focussing-lens group 
become large too much, and it becomes impossible to attain outstanding AF performance which 
this invention makes the purpose. When less than the lower limit of conditional expression (1), 
near change of- the spherical aberration by focus becomes large too much, and it becomes 
impossible on the other hand, to attain the outstanding optical-character ability which this 
invention makes the purpose. In addition, in order to secure the balance of AF performance and 
near change of the spherical aberration by focus still better, it is desirable to set the upper limit 
of conditional expression (1) to 0.05, and to set a lower limit to 0.015. 
[0014] Moreover, in this invention, while obtaining still better AF performance and an image 
formation performance, in order to make portability good, it is desirable to satisfy the following 
conditional expression (2) and (3). 
0.04<(|f23|. FW)/(f1. f4, deltaDI) <0.13 (2) 
2xl0-3<|f2|/(f1, FW) <3.8xlO-3 (3) 

fl is the focal distance of the 1st lens group Gl, f2 is the focal distance of the 2nd lens group 
G2 here, and f4 is the focal distance of the 4th lens group G4. Moreover, f23 is the synthetic 
focal distance of the 2nd lens group G2 and 3rd lens group G3, and FW is the focal distance of 
the zoom lens whole system in a wide angle edge focal distance state. Furthermore, **D1 is the 
movement magnitude (focus movement magnitude) of the direction of an optical axis of back 
group G1R in accordance with the focus to the body of the maximum point-blank range (7.5 
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times of a tele edge focal distance) from an infinite distance body. 

[0015] Since it reaches 2nd lens group G2, the effective diameter of 3rd lens group G3 becomes 
large too much and it becomes impossible to build the motor for AF drive in the level difference* 
portion of the circumference of a path with the effective diameter of the 1st lens group G1 when 
it exceeds the upper limit of conditional expression (2X it is not desirable. On the other hand, if 
less than the lower limit of conditional expression (2), since focus movement magnitude will 
become large too much and AF operation will become slow, it is not desirable. In addition, in 
order to obtain still better AF performance, it is desirable to set the lower limit of conditional 
expression (2) to 0.055. 

[0016] Since the effective diameter of the 2nd lens group 02 becomes large too much and it 
becomes impossible to build in the motor for AF drive when jt exceeds the upper limit of 
conditional expression (3), it is not desirable. On the other hand, if less than the lower limit of 
conditional expression (3), since the ** TTSUBARU sum will become large in the negative 
direction too much and a curvature of field will just become large, it is not desirable. In addition, 
in order to obtain the flat nature of a still better image formation side, it is the lower limit of 
conditional expression (3) 3x10-3 Carrying out is desirable. 

[0017] Moreover, in this invention, it is desirable to constitute from the junction positive lens and 
positive-lens component of the meniscus negative lens which turned the convex to the body 
side for pre-group GIF in the 1st lens group G1 sequentially from the body side, and the 
meniscus positive lens which turned the convex to the body side, and to satisfy the following 
conditional expression (4). 
0<(R2-R1)/(R2+R1)<1 (4) 

Here, R1 is the radius of curvature of the field by the side of the body of the junction positive 
lens in pre-group G1F. Moreover, R2 is the radius of curvature of the field by the side of the 
image of the junction positive lens in pre~group GIF, 

[0018] Conditional expression (4) has specified the lens configuration of the junction positive 
lens in pre-group GIF. If it exceeds the upper limit of conditional expression (4), since change of 
the spherical aberration by focus will become large, it is not desirable. On the other hand, if less 
than the lower limit of conditional expression (4), since necessary focus movement magnitude 
will become large too much and AF operation will become slow, it is not desirable. In addition, 
while lessening change of the spherical aberration by focus further, in order to make AF 
performance into fitness further, it is desirable to set the upper limit of conditional expression (4) 
to 0.95, and to set a lower limit to 0.25. 

[0019] Moreover, in this invention, it is desirable to constitute chromatic aberration in fitness, to 
constitute 3rd lens group G3 from a junction positive lens of a positive-lens component, and a 
positive-lens component and a negativeHens component sequentially from a body side in an 
amendment sake, and to satisfy the following conditional expression (5) and (6) further. 
1.4<Np3<1.6 (5) 
62< nup3<100 (6) 

Here, Np3 is a refractive index to d line (lambda= 587.6nm) of the positiveHens component which 
constitutes 3rd lens group G3. Moreover, nup3 is the Abbe number of th^ positiveHens 
component which constitutes 3rd lens group G3. 

[0020] Since it becomes impossible to use only the optical glass with which the secondary 
chromatic aberration becomes bad as a positive lens when it exceeds the upper limit of 
conditional expression (5), it is not desirable. Moreover, it is the threshold value of the existing 
optical glass for visible rays, and since it will separate from the lower limit of conditional 
expression (5) greatly from the field of the invention of this invention if less than this lower limit, 
it is not desirable. 

[0021] If it is taken into consideration combining conditional expression (5), it is the threshold 
value of the existing optical glass for visible rays, and since it will separate from the upper limit 
of conditional expression (6) greatly from the field of the invention of this invention if it exceeds 
this upper limit, it is not desirable. On the other hand, since it becomes impossible to use only 
the optical glass with which the secondary chromatic aberration becomes bad as a positive lens 
when less than the lower limit of conditional expression (6), it is not desirable. 
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[0022] Moreover, in this invention, in order to obtain still better optical-character ability, it is 

desirable to satisfy following conditional-expression (7) - (9), 

0.25<Nn1-Np1<0.55(7) 

65< nupKlOO (8) 

20<nunK30(9) 

Here, Npl and nupl are the refractive indexes and the Abbe nunrtbers to d line of the positive- 
lens component which constitutes back group G1R in the 1st lens group G1. Moreover, Nnl and 
nuni are the refractive indexes and the Abbe numbers to d line of the meniscus negative lens 
which constitutes back group G1R in the 1st lens group 01. 

[0023] Conditional expression (7) is the conditional expression of an amendment sake good about 
the spherical aberration of back group 01 R in the 1st lens group 01. The optical glass for the 
lights exceeding the upper limit of conditional expression (7) does not exist now. On the other 
hand, if less than the lower limit of conditional expression (7), since the refractive-index 
difference of a positive-lens component and a meniscus negative lens will become small too 
much and the deflection of spherical aberration will become large, it is not desirable. In addition, 
in order to obtain still better optical-character ability, it is desirable to set the upper limit of 
conditional expression (7) to 0.45, and to set a lower limit to 0.35. 

[0024] It is the threshold value of the existing optical glass for visible rays, and since it will 
separate from the upper limit of conditional expression (8) greatly from the field of the invention 
of this invention if it exceeds this upper limit, it is not desirable. On the other hand, since it 
becomes impossible to be fully unable to amend secondary chromatic aberration when less than 
the lower limit of conditional expression (8), it is not desirable. In addition, in order to obtain still 
better optical-character ability, it is desirable to set the lower limit of conditional expression (8) 
to 70. Furthermore, in order to obtain good optical-character ability, cutting down the cost, it is 
desirable to set the upper limit of conditional expression (8) to 85. 

[0025] If it is taken into consideration combining conditional expression (7), it is the threshold 
value of the existing optical glass for visible rays, and since it will separate from the upper limit 
of conditional expression (9) greatly from the field of the invention of this invention if it exceeds 
this upper limit, it is not desirable. Moreover, it is the threshold value of the optical glass for 
visible rays with which the lower limit of conditional expression (9) is also existing, and though it 
dares be less than this lower limit, since it becomes impossible to be fully unable to amend 
secondary chromatic aberration, it is not desirable. In addition, in order to obtain still better 
optical-character ability, it is desirable to set the lower limit of conditional expression (9) to 25. 
[0026] 

[Example] Hereafter, the example of this invention is explained based on an accompanying 
drawing. Setting in each example, the diameter ratio internal-focusing looking-far zoom lens of a 
large quantity of this invention consists of the 1st lens group 01 which has positive refractive 
power in order from a body side, a 2nd lens group 02 which has negative refractive power, 3rd 
lens group 03 which has positive refractive power, and a 4th lens group 04 which has positive 
refractive power. And the 1st lens group 01 consists of back group 01 R which has positive 
refractive power stronger against order than pre-group OIF which have positive refractive 
power, and these pre-group GIF from a body side. 

[0027] Moreover, back group 01R in the 1st lens group 01 consists of a meniscus negative lens 
which turned the convex to the body side, and a positive-lens component sequentially from the 
body side, furthermore, the variable power from a wide angle edge focal distance state to a tele 
edge focal distance state — facing — the 2nd lens group 02 — an image side — moving — 3rd 
lens group 03 — a body side — going — a concave-like locus — meeting — movement (a body 
side once [ namely, ] moving to an image side movement) — carrying out — the [ the 1st lens 
group 01 and ] — 4 lens groups 04 are fixation among variable power Moreover, on the occasion 
of the focus to a short-distance body from an infinite distance body, back group 01 R in the 1st 
lens group 01 moves to a body side. 

[0028] The [1st example] Drawing 1 is drawing showing the composition of the diameter ratio 
internal-focusing looking-far zoom lens of a large quantity concerning the 1st example of this 
invention^ and shows the position of each lens group in the infinite distance focus state in a wide 
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angle edge focal distance state. In the internal-focusing locking-far zoom lens of drawing 1 , pre- 
group GIF in the 1st lens group G1 consist of a junction positive lens L1 1 of the meniscus 
negative lens which turned the convex to the body side, and the meniscus positive lens Which • 
turned the convex to the body side, and a meniscus positive lens L12 which turned the convex 
to the body side sequentially from the body side. Moreover, back group G1R in the 1st lens 
group G1 consists of a meniscus negative lens LI 3 which turned the convex to the body side, 
and a meniscus positive lens LI 4 which turned the convex to the body side sequentially from the 
body side. 

[0029] Furthermore, the 2nd lens group G2 consists of a meniscus negative lens L21 which 
turned the convex to the body side, a junction positive lens L22 of a biconcave lens and a 
biconvex lens, and a biconcave lens L23 to which the concave surface of curvature strong 
against a body side was turned sequentially from the body side. Moreover, 3rd lens group G3 
consists of junction positive lenses L32 of a biconvex lens L31 and a biconvex lens, and the 
meniscus negative lens that turned the concave surface to the body side sequentially from the 
body side. Furthermore, the 4th lens group G4 consists of. the junction negative lens L42 of the 
meniscus positive lens L41 which turned the convex to the body side, and the meniscus positive 
lens which turned the convex to the body side and the meniscus negative lens which turned the 
convex to the body side, a biconvex lens L43 arranged by separating a big interval, a meniscus 
negative lens L44 which turned the concave surface to the body side, and a biconvex lens L45 
sequentially from the body side. In addition, aperture-diaphragm S is prepared between 3rd lens 
group G3 and the 4th lens group G4, and this aperture-diaphragm S is fixation among variable 
power in the 4th lens group G4. 

[0030] The value of the item of the 1 st example of this invention is hung up over the next table 
(1). a table (1) — setting — F — the focal distance of the zoom lens whole system — FNO — 
the f number — beta — a photography scale factor — Bf — a back focus — DO The distance 
(object distance) of a lens system which met the optical axis to the lens side by the side of a 
body (field by the side of the body of the junction positive lens L1 1 in the 1st lens group G1) 
most is expressed from the body, respectively. Moreover, as for the field number, r shows [ d / n 
and nu ].a refractive index and the Abbe number for the sequence of each lens side from a body 
side, respectively. [ as opposed to / in the radius of curvature of each lens side / d line 
(iambda= 587.6nm) for each lens spacing ] phi IF furthermore, the effective diameter of the 
junction positive lens L1 1 most arranged in pre-group GIF at the body side philR the effective 
diameter of the meniscus negative lens LI 3 most arranged in back group G1R at the body side 
The effective diameter of the biconvex lens L31 with which phi 3 has been most arranged in 3rd 
lens group G3 at the body side in the effective diameter of the meniscus negative lens L21 by 
which phi 2 has been most arranged in the 2nd lens group G2 at the body side is expressed, 
respectively. 
[0031] 
[Table 1] 

F= 81.55 - a 194.00FNO= 2,9th page number r d nu n phi 1 97.0939 3.8000 25.41 1.805182 phi1F= 
71.5 2 72.6165 10.4000 82.52 1.497820 3 268.0849 0.1000 4 157.7721 5.3000 82.52 1.497820 5 
894.9563 (d5= adjustable) 650.7516 2.2000 23.82 1.846660 phi1R= 56.0 7 44.4939 1.8100 8 
53.1452 9.0000 70.41 1.487490 9 17654.5990 (d9= adjustable) 10 365,8054 1.5000 45.37 1.796681 
phi2= 34.8 11 33,8586 7.5200 12 -51.2952 1.8000 70.41 1.487490 13 45.0578 6.000023.82 
1.846660 14 -287.2535 2.1100 15 -60.5102 1,8000 45.37 1.796681 16 8969.2140 (d16= 
adjustable) 17 165.9894 4.5000 82.52 1.497820 phi3= 36.8 18 -106.8038 0.2000 19 772.1751 
7.1000 82.52 1.497820 20-40.2253 2.0000 45.00 1.744000 21 -100.1483 (d21= adjustable) 22 
infinity 1 .0000 (aperture-diaphragm S) 

23 78.6671 3.5000 47.47 1.787971 24 216.2251 0.2000 25 39.9627 6.0000 82.52 1.497820 26 
168.8230 4.4000 36.27 1,620040 27 38.2994 30.5000 28 272,2610 5.0000 48.97 1.531721 29 - 
62.3609 14.8000 30 -36.5028 1,9000 33,89 1.803840 31 -160.6086 0.2000 32 137.3427 4.6000. 
49.45 1.772789 33 -1 11.8713 (Bf) [the adjustable interval in a focus and variable power] 
An infinite distance focus state Wide angle edge focal distance Middle focal distance The tele 
edge focal distance F 81.5500 135.0000 194.0000D0 infinity infinity infinity d5 17.08501 17.08501 
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17.08501d 9 1.99906 16.04981 22.87155d16 32.05530 18.13596 1.61457d21 3.43076 3.29935 
1 2.99901 Bf 57.01947 57.0194757.01947 A point-blank range focus state Wide angle edge focal 
distance Middle focal distance tele edge focal distance beta-0.06776 -0.11 21 8-0.1 6286D0 1245! 
1704 1245.1704 1245. 1704d5 8.48886 8.488868.48886d9 10.60231 24.65306 31.47480 d16 
32.0553018.135961. [ 61457d21 ] 3.43076 3.29935 12.99901 Bf 57.01947 57.01947 57.01947 [a 
conditional-expression correspondence value] 
f 1 =92.4694f2=-27.462 1 f3=1 05.4937f4=98.3299f23=- 

88.5687f1F=206.107lf1R=142.2645FW=81.5500D1=17.0850deltaD1=8.5962 (1) — f1R/(fl F-D1) 
=0.040(2) (|f23| and FW)/(fl, f4, deltaDI) =0.09(3) |f2|/(f1. FW) =3.6x10-3(4) (R2-R1) / (R2+R1) 
=0.47(5) Np 3= 1 .4978 0 [ L31] And L32 * • 

(6) nup3=82.52 (L31 and L32) 

(7) Nnl-Npl =0.36(8) nup1=70.41(9) nun1=23.82[0032] When a table (1) is referred to, in the 1st 
example, it is 56.0mm of 80 or less percent in the effective diameter ratio of pre-group GIF in 
the 1st lens group G1. and, as for effective diameter phi 1 of back group G1R in 1st lens group G1 
R, it turns out that it is a very compact design. Moreover,. it turns out [ about 8.60mm and ] that 
the focus movement magnitude deltaDI of the focussing-lens group (back group G1R) 
accompanying the focus to the maximum point-blank range body from an infinite distance body 
is very few. Drawing 2 - draw ing 7 are many aberration views of the 1 st example. That is, 
drawing 2 is many aberration views in the infinite distance focus state in a wide angle edge focal 
distance state, drawmg 3 is many aberration views in the infinite distance focus state in a middle 
focal distance state, and drawing 4 is many aberration views in the infinite distance focus state 
in a tele edge focal distance state. Moreover, drawing 5 is many aberration views in the point- 
blank range (R= 1 500mm of photography distance) focus state in a wide angle edge focal 
distance state, drawing 6 is many aberration views in the point-blank range (R= 1500mm) focus 
state in a middle focal distance state, and drawing 7 is many aberration views in the point-blank 
range (R= 1500mm) focus state in a tele edge focal distance state. 

[0033] each aberration view — setting — FNO — the f number — NA — numerical aperture — 
Y — image quantity — d — d line (lambda= 587.6nm) — in g, C shows C line (lambda= 656.3nm), 
and F shows the F line (lambda= 486.1 nm) for g line (lambda= 435.8nm), respectively Moreover, in 
the aberration view which shows astigmatism, a solid line shows the sagittal image surface and 
the dashed line shows the meridional image surface. Furthermore, the aberration view showing 
the chromatic aberration, of magnification is shown on the basis of d line. In the 1st example, it 
turns out that many aberration is amended good ranging from the infinite distance focus state to 
a point-blank range focus state in each focal distance state, and the outstanding image 
formation performance is secured so that clearly from each aberration view. 
[0034] The [2nd example] Drawing 8 is drawing showing the composition of the diameter ratio 
internal-focusing looking-far zoom lens of a large quantity concerning the 2nd example of this 
invention, and shows the position of each lens group in the infinite distance focus state in a wide 
angle edge focal distance state. In the internal-focusing looking-far zoom lens of drawing 8 , pre- 
group GIF in the 1st lens group G1 consist of a junction positive lens L1 1 of the meniscus 
negative lens which turned the convex to the body side, and the meniscus positive lens which 
turned the convex to the body side, and a meniscus positive lens L1 2 which turned the convex 
to the body side sequentially from the body side. Moreover, back group G1R in the 1st lens 
group G1 consists of a meniscus negative lens LI 3 which turned the convex to the body side, 
and a biconvex lens L14 which turned the convex with strong curvature to the body side 
sequentially from the body side. 

[0035] Furthermore, the 2nd lens group G2 consists of a meniscus negative lens L21 which 
turned the convex to the body side, a junction positive lens L22 of a biconcave lens and a 
biconvex lens, and a meniscus negative lens L23 which turned the concave surface of curvature 
strong against a body side sequentially from the body side. Moreover, it consists of junction 
positive lenses L32 of the meniscus positive lens by which 3rd lens group G3 turned the 
biconvex lens L31 sequentially from the body side, and turned the concave surface to the body 
side, and the meniscus negative lens which turned the concave surface to the body side. 
Furthermore, the 4th lens group G4 consists of the junction negative lens L42 of the meniscus 
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positive lens L41 which turned the convex to the body side, and the meniscus positive lens 
which turned the convex to the body side and the meniscus negative lens which turned the 
convex to the body side, a biconvex lens L43 arranged by separating a big interval, a meiiiscus ' 
negative lens L44 which turned the concave surface to the body side, and a meniscus positive 
lens L45 which turned the convex to the body side sequentially from the body side. In addition, 
aperture-diaphragm S is prepared between 3rd lens group G3 and the 4th lens group G4, and 
this aperture-diaphragm S is fixation among variable power in the 4th lens group G4. 
[0036] The value of the item of the 2nd example of this invention is hung up over the next table 
(2). a table (2) — setting — F ~ the focal distance of the zoom lens whole system — FNO — 
the f number — beta — a photography scale factor ~ Bf — a back focus — DO The distance 
(object distance) of a lens system which met the optical axis to the lens side by the side of a 
body (field by the side of the body of the junction positive lens L11 in the 1st lens group 01) 
most is expressed from the body, respectively. Moreover, as for the field number, r shows [ d / n 
and nu ] a refractive index and the Abbe number for the sequence of each lens side from a body 
side, respectively. [ as opposed to / in the radius of curvature of each lens side / d line 
(lambda= 587.6nm) for each lens spacing ] phi IF furthermore, the effective diameter of the 
junction positive lens L11 most arranged in pre-group GIF at the body side philR the effective 
diameter of the meniscus negative lens L13 most arranged in back group G1R at the body side 
The effective diameter of the biconvex lens L31 with which phi 3 has been most arranged in 3rd 
lens group G3 at the body side in the effective diameter of the meniscus negative lens L21 by 
which phi 2 has been most arranged in the 2nd lens group G2 at the body side is expressed, 
respectively. 
[0037] 
[Table 2] 

F= 81.55 - a 194.00FNO= 2.9th page number r d nu n phi 1 95.6835 2.8000 25.41 1.805182 phi1F= 
69.8 2 69.9345 9.0000 82.52 1.497820 3 419.6538 0.1000 4 145.4966 5.0000 82.52 1.497820 5 
311.1124 (d5= adjustable) 650.6221 2.2000 23.82 1.846660 phi1R^ 56.3 7 44.8400 1.7000 8 
54.5779 9.0000 70.41 1.487490 9-15627.6829 (d9= adjustable) 10 168.4621 1,5000 46.54 1 .804109 
phi2= 34.8 11 30.5148 8.0000 12 -54.1893 1.5000 70.41 1.487490 13 40.4579 5.600023.82 
1.846660 14 -544.2645 2.4000 15 -50.7200 1.5000 46.54 1.804109 16 -290.4023 (d16= 
adjustable) 17 151.0644 3.5000 67.87 1.593189 phi3= 37.2 18 -168.9103 0.2000 19 -1957.4846 
6.7000 82.52 1.497820 20-38.3700 1.5000 39.61 1.804540 21 -77.5643 (d21= adjustable) 22 
infinity 1,0000 (aperture-diaphragm S) 

23 75.8673 3.9000 46.54 1.804109 24 159.3674 0.1000 25 38,5965 7.1000 82.52 1.497820 26 
282,4316 4.2000 36.27 1.620040 27 41.0820 28.4000 28 107.1704 6.2000 51.35 1.526820 29 - 
77.1837 14.8000 30 -34.2661 1.9000 33.89 1.803840 31 -90.1631 0.1000 32 90.4748 4.6000 49.52 
1.744429 33 608.1616 (Bf) [the adjustable interval in a focus and variable power] 
An infinite distance focus state Wide angle edge focal distance Middle focal distance The tele 
edge focal distance F 81.5500 135.0000 194.0000D0 infinity infinity infinityd5 18.29019 18.29019 
1 8.2901 9d 9 1.83871 16.27602 23,301 05d1 6 32.56913 19.09128 3.0481 5d21 4.16373 3,20427 
12.22237Bf 52.22757 52.2275752.22756 A point-blank range focus state Wide angle edge focal 
distance Middle focal distance Tele edge focal distance beta -0.06733-0.11146 -0.16182D0 1256. 
8485 1256. 8485 1256. 8485d5 9.64204 9.64204 9.64204 d9 10.48686 24.92417 31.94920d16 
32.5691319.09128 3.04815 d214.16373 3.20427 12.22237 Bf 52.22757 52.22757 52.22756 
[Conditional-expression correspondence value] 
f1=90.9065f2=-27.4554f3=105.9381f4=97.1867f23=- 

88.0836f1F=211.8000f1R=142.2492FW=81.5500D1=18,2902deltaD1=8.6482 (1) ~f1R/(f1 F-D1) 
=0.037(2) (|f23| and FW)/(f1. f4, deltaDI) =0.09(3) |f2|/(f1. FW) =3.7x10-3(4) (R2-R1) / (R2+R1) 
=0.63(5) Np 3= 1.5932 (L31) — 1.4978 (L32) 

(6) nup3= ~ 67.87 (L31) and 82.52 (L32) 

(7) Nn1-Np1=0.36(8) nup1=70.41(9) nun1=23.82[0038] When a table (2) is referred to. in the 2nd 
example, it is 56.3mm of 80 or less percent in the effective diameter ratio of pre-group GIF in 
the 1st lens group G1, and, as for effective diameter philof back group G1R in 1st lens group G1 
R, it turns out that it is a very compact design like the 1st example. Moreover, it turns out 
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[ about 8.65mm and ] that the focus movement magnitude deltaDl of the focussingHens group 
(back group GIR) accompanying the focus to the maximum point-blank range body from an 
infinite distance body is very few. Drawing 9 - drawing 14 are many aberration views of tfie 2nd ' 
example. That is, drawing 9 is many aberration views in the infinite distance focus state in a wide 
angle edge focal distance state, drawing 10 is many aberration views in the infinite distance 
focus state in a middle focal distance state, and drawing 1 1 is many aberration views in the 
infinite distance focus state in a tele edge focal distance state. Moreover, drawing 1 2 is niany 
aberration views in the point-blank range (R= 1500mm of photography distance) focus state in a 
wide angle edge focal distance state, drawing 13 is many aberration views in the point-blank 
range (R= 15G0mm) focus state in a middle focal distance state, and drawing 14 is many 
aberration views in the point-blank range (R= 1 500mm) focus state in a tele edge focal distance 
state. 

[0039] each aberration view — setting — FNO — the f number — NA — numerical aperture — 
Y — image quantity — d — d line (lambda= 587. 6nm) — in g, C shows C line (lambda= 656. 3nm), 
and F shows the F line (lambda= 486.1 nm) for g line (lambda= 435.8nm), respectively Moreover, in 
the aberration view which shows astigmatism, a solid line shows the sagittal image surface and 
the dashed line shows the meridional image surface. Furthermore, the aberration view showing 
the chromatic aberration of magnification is shown on the basis of d line. Also in the 2nd 
example, it turns out like the 1 st example that many aberration is amended good ranging from 
the infinite distance focus state to a point-blank range focus state in each focal distance state, 
and the outstanding image formation performance is secured so that clearly from each 
aberration view. 

[0040] The [3rd example] Drawing 15 is drawing showing the composition of the diameter ratio 
internal-focusing looking-far zoom lens of macrostomia concerning the 3rd example of this 
invention, and shows the position of each lens group in the infinite distance focus state in a wide 
angle edge focal distance state. In the internal-focusing looking-far zoom lens of drawing 1^ , 
pre-group GIF in the 1st lens group G1 consist of a junction positive lens L1 1 of the meniscus 
negative lens which turned the convex to the body side, and the meniscus positive lens which 
turned the convex to the body side, and a meniscus positive lens LI 2 which turned the convex 
to the body side sequentially from the body side. Moreover, back group GIR in the 1st lens 
group G1 consists of a meniscus negative lens LI 3 which turned the convex to the body side, 
and a meniscus positive lens LI 4 which turned the convex to the body side sequentially from the 
body side. 

[0041] Furthermore, the 2nd lens group G2 consists of a meniscus negative lens L21 which 
turned the convex to the body side, a junction positive lens L22 of a biconcave lens and a 
biconvex lens, and a biconcave lens L23 to which the concave surface of curvature strong 
against a body side was turned sequentially from the body side. Moreover, 3rd lens group G3 
consists of junction positive lenses L32 of a biconvex lens L31 and a biconvex lens, and the 
meniscus negative lens that turned the concave surface to the body side sequentially from the 
body side. Furthermore, the 4th lens group G4 consists of the meniscus positive lens L41 which 
turned the concave surface to the body side, the junction positive lens L42 of a biconvex lens 
and a biconcave lens, a biconvex lens L43 arranged by separating a big interval, a meniscus 
negative lens L44 which turned the concave surface to the body side, and a biconvex lens L45 
sequentially from the body side. In addition, aperture-diaphragm S is prepared between 3rd lens 
group G3 and the 4th lens group G4, and this aperture-diaphragm S is fixation among variable 
power in the 4th lens group G4. 

[0042] The value of the item of the 3rd example of this invention is hung up over the next table 
(3). a table (3) — setting — F — the focal distance of the zoom lens whole system — FNO — 
the f number — beta — a photography scale factor — Bf — a back focus — DO The distance 
(object distance) of a lens system which met the optical axis to the lens side by the side of a 
body (field by the side of the body of the junction positive lens L1 1 in the 1st lens group G1) 
most is expressed from the body, respectively. Moreover, as for the field number, r shows [ d / n 
and nu ] a refractive index and the Abbe number for the sequence of each lens side from a body 
side, respectively. [ as opposed to / in the radius of curvature of each lens side / d line 
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(lambda= 587.6nm) for each lens spacing ] philF furthermore, the effective diameter of the 
junction positive lens L1 1 most arranged in pre-group GIF at the body side philR the effective 
diameter of the meniscus negative lens LI 3 most arranged in back group G1R at the body side ' 
The effective diameter of the biconvex lens L31 with which phi 3 has been most arranged in 3rd 
lens group 03 at the body side in the effective diameter of the meniscus negative lens L21 by 
which phi 2 has been most arranged in the 2nd lens group 02 at the body side is expressed, 
respectively. 
[0043] 
[Table 3] 

F= 81.55 - a 194.00FNO= 2.9th page number r d nu n phi 1 103.0304 3.8000 25.41 1.805182 
phi1F= 70.0 2 75.9319 10.4000 82.52 1.497820 3 2098.0323 0.1000 4 98.3401 5.3000 82.52 
1.497820 5 112.4831 (d5= adjustable) 650.6238 2.2000 23.82 1.846660 phi1R= 55.6 7 44.6607 
1.8100 8 53.8307 9.0000 70.411.487490 9 54805.0040 (d9= adjustable) 10 567.2324 1.5000 45,37 
1.796681 phi2= 33.4 11 32.7801 7.5200 12 -48.3877 1.8000 82.52 1.497820 13 42.6565 6.0000 
23.82 1.846660 14 -319.5118 2.1100 15 -59,3823 1.8000 45.37 1.796681 16 2391.4031 (d16= 
adjustable) 17 559,3605 5.0000 64.101.516800 phi3= 36.4 18 -120.6075 0.2000 19 164.0804 
9.0000 95.25 1.433852 20 -40.1294 2.0000 45.37 1.796681 21 -74.7207 (d21= adjustable) 22 
infinity 2.0000 (aperture-diaphragm S) 

23 -309.4489 3.5000 47.47 1.787971 24 -119.7066 0.2000 25 58.1442 8.0000 82.52 1.497820 26 - 
101.2693 4.4000 36.27 1.620040 27 124.9247 30.5000 28 244.9041 5.0000 48.97 1.531721 29 - 
65.6297 14.8000 30 -40.8352 1.9000 33.89 1.803840 31 -124.0269 0.2000 32 322.35045.5000 
49,45 1.772789 33 -158.3912 (Bf) [the adjustable interval in a focus and variable power] 
An infinite distance focus state Wide angle edge focal distance Middle focal distance The tele 
edge focal distance F 81.5500 135.0000 194.0000D0 infinity infinity infinityd5 19.67023 19.67023 
19.67023d 9 2.00000 17.94895 25.98066d16 25.01804 15.90695 4.24008d21 12.67257 5.83471 
9.46987Bf 69.71305 69.7130569.71305 A point-blank range focus state Wide angle edge focal 
distance Middle focal distance Tele edge focal distance beta -0.06928-0.11470 -0.16652D0 1225. 
3861 1225. 3861 1225. 3861d5 10.14062 10.1406210.14062 d9 11.52962 27.47857 
35.51028dl625.0180415.90695 4.24008 d21 12.672575.83471 9.46987 Bf 69.71305 69.71305 
69.71305 [Conditional-expression correspondence value] 
f1=97.5593f2=-25,0000f3=106.6982f4=91.0312f23=- 

63.9706f1F=230.0000f1R=142.0000FW=81.5500D1=19.6702deltaD1=9.5296 (1) ~ f1R/(f1 F-D1) ' 
=0.031(2) (|f23| and FW)/(f1. f4, deltaDI) =0.06(3) |f2|/(f1, FW) =3.1x10-3(4) (R2-R1) / (R2+R1) 
=0.91(5) Np 3= 1.5168 (L31) ~ 1,4339 (L32) 

(6) nup3= ~ 64,10 (L31) and 95.25 (L32) 

(7) Nnl-Npl =0.36(8) nup1=70.41(9) nun1=23.82[0044] When a table (3) is referred to. in the 3rd 
example, it is 55.6mm of 80 or less percent in the effective diameter ratio of pre-group GIF in 
the 1st lens group 01, and, as for effective diameter phi 1 of back group G1R in 1st lens group G1 
R, it turns out that it is a very compact design like the 1st example and the 2nd example. 
Moreover, it turns out [ about 9.53mm and ] that the focus movement magnitude deltaDI of the 
focussing-lens group (back group 01 R) accompanying the focus to the maximum point-blank 
range body from an infinite distance body is very few. D rawing 1 6 - draw ing 21 are many 
aberration views of the 3rd example. That is, drawing 16 is many aberration views in the infinite 
distance focus state in a wide angle edge focal distance state, drawing 17 is many aberration 
views in the infinite distance focus state in a middle focal distance state, and drawing 18 is many 
aberration views in the infinite distance focus state in a tele edge focal distance state. Moreover, 
drawing 19 is many aberration views in the point-blank range (R= 1 500mm of photography 
distance) focus state in a wide angle edge focal distance state, drawing 20 is many aberration 
views in the point-blank range (R= 1 500mm) focus state in a middle focal distance state, and 
drawing 21 is many aberration views in the point-blank range (R= 1500mm) focus state in a tele 
edge focal distance state. 

[0045] each aberration view — setting — FNO — the f number — NA — numerical aperture — 
Y — image quantity — d — d line (lambda= 587.6nm) — in g, 0 shows 0 line (lambda= 656.3nm), 
and F shows the F line (lambda= 486.1 nm) for g line (lambda= 435.8nm), respectively Moreover, in 
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the aberration view which shows astigmatism, a solid line shows the sagittal image surface and 
the dashed line shows the meridional image surface. Furthermore, the aberration view showing 
the chromatic aberration of magnification is shown on the basis of d line. Also in the 3rd * 
example, it turns out like the 1st example and the 2nd example that many aberration is amended 
good ranging from the infinite distance focus state to a point-blank range focus state in each 
focal distance state, and the outstanding image formation performance is secured so that clearly 
from each aberration view, 

[0046] Drawin g 22 is the ** type view showing roughly AF drive mechanism composition and 
zoom mechanism composition of the diameter ratio internal-focusing looking-far zoom lens of 
macrostomia concerning each example of this invention. In addition, in drawing 22 , although the 
zoom lens of the 1st example is used in instantiation, it is the same also to other examples. In 
drawing 22 , the 1st lens group G1 reaches pre-group GIF, and the 4th lens group 04 is 
attached in the fixed part K through lens fixed cylinder R1 F and the lens fixed cylinder R4, 
respectively. Moreover, it reaches 2nd lens group G2 and 3rd lens group G3 is attached in the 
zoom cam cylinder Z supported by the fixed part K through the lens fixed cylinder R2 and the 
lens fixed cylinder R3. Furthermore, back group G1R of the 1st lens group G1 is attached in the 
focal cam cylinder F through lens fixed cylinder R1R. The focal cam cylinder F is constituted so 
that a rotation drive may be carried out by the annulus ring type motor M supported by the fixed 
part K at the circumference of an optical axis. 

[0047] As shown in drawm^^^ , since the variable power mechanism and the focus mechanism 
have been independent mutually with the diameter ratio internal-focusing looking-far zoom lens 
of macrostomia of this invention, it is easy to be able to simplify AF drive mechanism 
composition and zoom mechanism composition, respectively, and to consider as structure strong 
also against the shock by vibration or fall, thus — the diameter ratio internal-focusing looking- 
far zoom lens of macrostomia of this invention — the [ the 2nd lens group and ] — the effective 
diameter of 3 lens groups can be made small, and the motor for AF drive can be arranged into 
the level difference portion of the circumference of a path with the effective diameter of the 1st 
lens group 
[0048] 

[Effect of the Invention] Maintaining the outstanding optical-character ability according to this 
invention, as explained above, the weight and focus movement magnitude of a focussing-lens 
group are small, and the f number can realize [ a tele edge focal distance / a variable power 
ratio ] three or less diameter ratio internal-focusing looking-far zoom lens of macrostomia by 
180mm or more above double precision. Therefore, especially the diameter ratio internal- 
focusing looking-far zoom lens of macrostomia of this invention is suitable for an one eye reflex 
camera, an electronic still camera, etc. In addition, in this invention, since the effective diameter 
of a focussing-lens group is small as a diameter ratio internal-focusing looking-far zoom lens of 
macrostomia, a focussing-lens group can be lightweight-ized. Moreover, in this invention, 
although there is little focus movement magnitude, the image formation performance which was 
excellent ranging from the infinite distance focus state to a point-blank range focus state can be 
****(ed). 



[Translation done.] 
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(75^f*^yiS-r 5 r t ^rt^m <br 1 T^jg 3 (7)iN 

-rtlf)- 1 3l(CS«CD^QSltrt^S^MitX-A U>'X, 

[ff*rl5l Bfjtemi I^VX|¥G l*C0Sufemi*GlR 

pl^L. mmmG\K^mf&ir^mm'JE\yyXf^';^(DT 

y^m^vpitL. mtm^GiRimf&ir^mm/^^:^ 

mG[R^mfx^i-^mm^^:^:^^'k^>'X(Dry-<m^ 

vnlt Ltzt^. 

0. 2 5 <Nnl-Npl< 0. 5 5 
6 5 < vpK 10 0 

2 0 < vnl< 3 0 

'ikm^(7ymm^mLx. mmm2 i^>^xnG2itm^\^ 
^iJj L. mmm 3 uyxmG 3 0-Mi--^tb l /tm 
BfffSm 1 1 io j:t>ma^ 

-tbim^ 1 7!?S 5 ^DV^'fi^;!)^ 1 iitc£$fec>:icnfl]:t:rt 

i#.5s:M^x-i.u>'X, 

[0 0 0 1] 

min]^±-e\ ^Sit:^)^2fgJ^±T% E.oF-t->'/^-:6^ 3 
ct'Qt^/h^VN. V^^^^^;^pmP^:^.^MjlX-AU>' 

[0 0 0 21 

flft X~- 1/ y XTii . c: L T (d o r 
#»?-r5^:ii/>'Xi¥ (^iuvX|$) 60W^g;^f5i:t 



(3) 
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5 1 2 0 2^^S(-ij:. W^%^m^(r>% \ uyX|$^iE 

^7 -2 9 4 8 1 e-^^^ICgB^^tlfcX-i.UVXT' 
ii. i|^B^¥6-5 1 2 0 2^<22;IB(Dmi¥(::*i^-f5SP^ 

(0 0 0 41 

1 tjcojE u>'X-c^lf jScf 5 tc J: 19 u>X|$ 
:S,^.£g^t«c?J'C 8 . 3m~8, 4m^#^^i::;^§r<-« 

t LTV^5^S.^gEm (1. 5 m) ^T"&»,u^-X»^^ 
ft^it^i:. ^^^l/VXl^Ogfg'^^.^ftATS^l 6. 6 
mm— 18. 7mm^;^#< 4^19. iSil^c^ A FiHSllrtT 

9 Z^p^^-Cg^/c^V^ ^/t. -^^lU-^XIIi;!! tSC(7)iEU>- 
XL;^^^^fflLrv^/^l^fc^6. 'g^muyXS¥(7)a^EHX^;ifS 

[0 0 0 5] ^f^^ 7 - 2 9 4 8 1 6 -^^^(C^ 

Xi¥^o:^^!]M^/J^$ < -t-^ :: ^ ^^t;^t -a^,^. i-v 

Xpco^Sf!::;0^pj^tc/^oTi^^6. Sfc. -g^.^u^Xil 

0^i^ftt>8, Smm-lS. 4 mm <^ lt^6^/h ^ < 

uvXi: 7« jE u :/X^ co 2 i¥ 2 ftT^tgjS-T 

10 0 0 6] \.t^\.fiit^h. 1#r?i^7-2 9 4 8 1 6-^ 

^^{c:P#^<7:)X-Au>XT^'{i. m^\^U\^X%%\^'y 
xm^^m^^X\i^^<r>x. ^%.\^:y^n<n^mM%^ 

tmM^m%\^^^\^xmt'r^z.t\zti^^ - 

<t ^ ^ ( c 1^ L T ®] ^ it 5 /c ^ CO a lb ^ L 

\±s -^^.i^^-XllffliT^^^oagcofiiifii^fSi^r^Xif^!: 



[0 0 0 7] ^fc. ?#F^5p7-2 9 4 8 1 6 ^>i>«OM 

^t$5Rr^L->'X|l^^-Cco®,,^./)^b%^-rix(i\ xU7 
^V^^y'(nmm (zzX{tM\^^'y:^n^^) i^mizh 

^u>xm (o-nxh^'^^.\y>':^mmz-r^tm 
mrnt^^^ <m^^{^\^\zh^\zhf)-fi-t>h'f. 

>xn(r)iS^t'-^mmzt)(n'^m^'i^(DiS9 t^\^\yy 

<r^^zm^^n{^iK^^4:mzmt^^^xL^\.\ nm^n 
\z^^-x'^^m(DW-mi^im'r^-tmm\zmmt 

f^^X^^6o 

[0 0 0 8 1 :^^mit. Rijii(/)^®(Cg<^T7i$nfit. 
8 0mmJt^±T\ ^fgi:t:;?)5 2 fgi^±T\ F-ry^<-^^^3 

4UT<7):^pmf^»,^Mitx- A u>x^ffigt^6 t 
^mt-r^o ttz. »2 U'>'Xi¥ioJ:c/^3 i-vxp 

^ 5 ^ P f^lt F^^S^Mis X- i^ u > X^SrH^t-r 6 ^ ,t * 
[0 0 0 9] 

yxmG2:^xnmm^3 u^xmc s irj^mzr^-DX 

^m^^xmS^'ilommX-J^ UvX(C:fcl'^T. mm 

-r^mmGivt. mmmG\?x^ hm^^jE(DmtRti^^ 

■t^'imGiKtf)^hmf&^ti. mmmi u-vx^gi^' 
(DrnMrnmcmt. i^mm^hmj^. ^mmzdhm^i^ 

ti. tufs^ 1 i^yxmG 1 ^(Dmmi&^GiR^itmzr^ 
-:>x^m^-ftx^m^n^\ mmmii^yxmG i^(D 
mmmmGi^^(om.^.mm^ f if<^ mmmi ^^xn 
G 1 ^(omtz%MG\^(DmMsm%^ f i^t L. mmmm 

'iknG\^(D^i^m{m\(D^t(DW\(r)^m{zri-:>fzmm^ 

DltLtzb^. 

0 . 0 0 5 < f IR/ (flF-Dl) <0. 055 

[0010] ^m^mi-^ tv^Sg^ic J:tt{^. mJte^ i 

uyX^G 1 c7^:#w«^.S&gt^ f 1 <t Bf)ffim2 U>X|$ 
G 2(7):W.^.SggS^ f 2 <i: Htjte^4 u-^Xffi^G 4o:f. 

>xmG 3 1 (D^f&mj^Mm^ f 23 i: l. j:u^mmj^.m 

%mMic^ it 5 X- A u :/ X^^ co:^. .^,gggt ^ F w <h 



5©) <Dm{^--'(o^mz(^om^^'i^mG]R(D^m:^!^(D 

0. 0 4< ( I f 23 I • FW) / ( f 1 • f 4 • AD 
1) <0. 1 3 

2 X 1 0-'^< I f 2 I / ( f 1 • FW) < 3. 8X10 
[0 0 1 1 1 

0 . 0 0 5 < f IR/ ( f IF • D 1 ) < 

::rT\ f iFfi, :ig i u-vXif g i >f»60f!ji¥GiFcoj^..#> 

Gift ^i&mGiRt (Dm(D^±^ummvh^. 
[0 0 13] (1) (D±mm^±m^t. ^mi^ 

0. 0 4< ( 1 f 23 1 • FW) / ( f 
2 X 1 0''''< 1 f 2 I / ( f 1 • FW) 

i i{tW.i\^'y^nGiaym.^Mmxh^) . f 

yxmG4<DmMMmxh^. tti. f 231^^2 uvx 
f*9mi*GiR(D*tt*f^co^»]* i^m^mm) xh 

[0 0 1 5] (2) 0±I5Sfi^±{H]5^. ^2 U 

VX|¥G 2:fc^J:t/^3 L/VXI^G 3i7^«-gljf§;^^^t < 

»9-rf^r. mii->'^mGi<D^Wi^t<Dmm^(^^m 

SP^lc A F igftffl ^ - ^ - & ii^ 5 r i: t < 

^0-(:^5?^L</£</\ ^i4^x^ (2) (DTmm^T 

(2) C0TPS«^0, 0 5 5 i-r^r 

[0 0 16] ^f^^ (3) OjiPI{i%±|H)^^. 112 U 
yXmG2<D^mm/i^±^<^j:^t^*X. AF,^ft^^ 

-^-^\^mi-^zt7!}'^x^f^<fi^<Dx^T-^ L< 

«/\ ^ft^ (3) (OTPSIi^TlEl'Sc^. ^yyy< 
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^m^x(om^^rro, ^tz. ^iu>x?¥Gi{i. 
mm-hm\z.. iEm^t^o:>m^G\?t. z(rymmG\?x 
^) i:,m^iEm^iiimir^'iknG\Rtf}-hmfiSL^tix\^^ 
§0 mi \y'yxmGi^<D'imG\m. mmn 

lE\^yXri^'7^tt-hm^^^X\^-^, ttz. ^Mii 
ur . % \ uyxifG 1 ^(D%UG\R^±mz.f^^ 

[0 0 12] *|gP>^(C^Dl.^T(i. J^TfiO^#^ 

(1) ^m^-t^o 

.0 5 5 (1) 

m^i~^:ztA^x^^^<t^^. AF^mt^miz 
i-^\at. *f*it (1) (D±mm^o. ostL. rm 

[0 0 14] ^tz. ^mmiZ:lri^^X{t. M{C^^?/^AF 
fz^<<Z^ i^ir^^f£t=^ (2) :^XXf (3) ^ffiJ^I"^:: 

• f 4 • AD 1) < 0. 13 (2) 

< 3 . 8 X 1 0 - ( 3 ) 

^i^^ (3) comfg^3 X 10-3 

[0 0 17] t:fz. :$:^mi^zm^Xit. ^lU^-XI^G 

i^<DmmGiF^. i^itm^^^hmj^. ^mMizdhm^r^ 
{■ffz/:^^t}:^^ i^yxtrnMrnz-^hm^^ntz?^ 

0< (R2-R1) / (R2-hRl) <1 (4) 
^rr\ Rlti. BfjSlGlF+tOg^-a-IEl/VXc/Dftjf^^ijCO 

®(7)^^^t5T^^5o ^/-c. R2{^. mnG\?^(Dm^ 

lE\y>'X(DmM(Dmo:>^^^%Xhh. 
[0 0 18] *f*^ (4) (1, Sftl^GlF't^^O^^IEU'V 

X(7:)u>'XB#:{coi/>T^^Lrv^5o ^ft^t (4) 

^<^ao-T:$?S L< (4) (T^TPHI^ 

mt'^^&<tJ:h<r^X^l-'^L<fi\^\ f^-!^. ^m^x^^nm 

M^izmjE-r^tzMz. ^ziyyxmGs^. m^mT^- 



(5) 
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^xf (6) i:m^'r^zttimtL^\ 

1. 4<Np3<l. 6 (5) 
6 2<vp3<lOO (6) 

J&j^(Od^ (1 = 587. 6nm) {CMir^mVfmVh 
[0 0 2 01 (5) (D±mm^±^^t. lE\y> 

[0 0 2 1 1 (6) <D±mim. ^i^^ (s) t 

i^m^-h^^<^V^^(OXtil-^L<fj:\.\ -17. ^i^^ 
(6) (DTmm^TM^t. lEl/VX^ Lt:fi2?^co#. 

[0 0 2 21 ^fz. ^mm{z^^'X{t. Mi::a»/^^^ 
i±m^n^tz}sbiz. ^Tco^f^^ (7) ~ (93 

0. 2 5<Nnl-Npl< 0.5 5 (7) 
65<vpl<:i00 (8) 

20<vnl<30 (9) 

GiR^«;Sf5iE u^x/s^^to d mim-r^mi^m^x 

V^Ty-<mXh^o ^7t. Nnl:fcJ:U^^vnUi:. ^lUV 

x^G 1 4^(7:)^l$GiR^t#^f 5^^;^;^;^Ai^>'X(7) 

[0 0 2 31 ^{4=^ (7) fi. 01 U>^y<mGl^(DWi 

m£x\mi£i.tj:y^\ (7) (dtpm 

^{^^ (7) <7)±PS{fi^0. 4 5i:L. TPSft . 
^0. 3 5^-t-5r<!r:?)^^?^tV\ 
[0 0 2 41 *(^^ (8) <D±mimt. ^#1-6^117^ 

(8) OTmm^T\B}6t. 2i^fei|XM;^>^ 
1EiCS$?^^*:^ttS6^#5{C{i. (8) COTHM 

^^7V^oo^i;^?/^jt^i4Bg^^#5iC(i. ^{4=^ (8) CO 



[0 0 2 51 ^(4^^ (9) (D±mimt. (7) ^ 

(9) (DTmmh^^'t^^n9tm^(D^^m^(Dmn 

mxh^J. hA.XZ(DTmm^T^otztLXt2}^&. 
i\^m^^']-'^{c^lEL^h.fj:<^j:6(DXifi-tL<^J:l\ 
M{::a*?^c^jfe^i4B^^?#5t;:ii. ^f*^ (9) (OT 

[0 0 2 61 

xtkm-r^o ^mmmiz^^'x. ^mm(n±Q'i^it^m 

^i-^mi i^v-XglG 1 1. Aco^tfr;^ ^^1-5^2 u- 
>'X|$G2^. lE(Dm^tl^^-t^^3 

t. iE(7>ssf;^%w-r6m4 uvxs¥G4<b/)^t>tS)S$ 

tirv^^, ^Lx. Ml i^^x^G 1 {1. ^f«i];^i>biii 
(c, JE<7:>®iff;^^^1-^mj?^GiF^. zcogjilGiF j; 

[0 0 2 7 1 sfe/--, Ml l/>-X§$G 1 q^(50^i^GlR{i, 

yxt. JEi^y:<fSLi^ti)^bmf&^nx\^^^. ^bic^ 

i^G 3 \tmm%\z^t^^x\m^(nm^\zf^^x^m 
m\ uvxnG i^^j:t7M4 uyxm-Q^\tm^^m'^ 

Ur. % 1 UvXilG 1 ^^(r5^i^GlRtii^f«]--^fi'r 

[0 0 2 81 CM 1 ^iS^^JJ in 1 f^. *:^§^coM 1 ^iiS 
i^J<C;^^;^^^;^Pllitf^,«^aj®X-i. l^>Xi7>«^tr^ 

{c:4b^{t6#u>XS^(7)ag^.i^Lrv>6o HlK^i^:^.^ 
a^X-i.u>x^e:joV^T, Hi i/yXS^G 1 (7:)|ljil 

ti7.^\yyXt^DW-%\Z^^^'^[itz:^=^7sti:^^\^y 
X <!: (7) g IE u y X L I K J; t/^^ ft: fli] t c a ffi ^ { 1 7t 
7i^X;?7XjEuyXL12;!>^^«^Snri/^'5o tfc. % 
1 U^XIfG 1 ^'(7)^|$GlR(i. i|^fMJj7!)-?5lti(C. it^ft: 
1l']{Cdi®^f^{t/c7^:=^:^;<7;^At/>'XLl3. ^^ijm\^ 
ifiS ^ tt ;t ^ iE U V X L 1 4;^^ ^ ti 

[0 0 2 91 ^bi-. 02U>XS$G2(i. ifeWliJ;^^^ 

iSfOD^>'Xi:(Si£bi^vX<!:(7)^^jEU>'XL22. ioJiU? 
frt) ( - S V > * (?:» M ® ^ 1 1 QD U > X L 2 3 7!) ^ b 

^iic^tir»/^^o M3 u^^xi^G 3{t. mmm^^ 



I 



(6) 

® Sr r&l tt ^ ^ ;^ >X ^ (Dg^-g-iE 1/ y X L 32;!)^ 

ffiijicibra ^ ft p« ^ ^J*- ;^ A u V X ^ co^-g- A u X 

L42. ^i-/^r«1Pl^PSTriBS^n/'ifSi£hU>^XL43. 

[0 0 3 01 }k<o^ (1) ic. ^mm<nmimmm<nm 

B f (i/<:yi:7:7;^-— ;^7;^^. do iitif$^7!?^b i/:/X 

^<7)Sfcifei*^I'JfiOU'>-Xci (^1 i/vXl^Gl^^coS-g^ 



= 8 


1 . 5 5-- 


19 4. 0 0 






N0= 


2 . 9 








i## 


r 


d 




V 


1 


97. 0939 


3. 8000 




25. 41 


2 


72. 6165 


10, 4000 




82. 52 


3 


268. 0849 


0. 1000 






4 


157. 7721 


5. 3000 




82. 52 


5 


894. 9563 


(d5='^^ 


:) 




6 ■ 


50, 7516 


2. 2000 




23. 82 


7 


44. 4939 


1. 8100 






■ 8 


53. 1452 


9. 0000 




70.41 


9 


17654. 5990 


(d9= -ail 


!) 




10 


365. 8054 


1. 5000 




45. 37 


11 


33. 8586 


7. 5200 






12 


-51. 2952 


1.8000 




70.41 


13 


45. 0578 


6. 0000 




23. 82 


14 


-287. 2535 


2. 1100 






15 


-60. 5102 


1.8000 




45. 37 


16 


8969, 2140 


(dl6=plg 


:) 




17 


165. 9894 


4. 5000 




82. 52 


18 


-106. 8038 


0. 2000 






19 


772. 1751 


7. 1000 




82. 52 


20 


-40. 2253 


2. 0000 




45. 00 


21 


-100. 1483 


(d2l=-5rg 


:) 




22 


oo 


1. 0000 






23 


78. 6671 


3. 5000 




47.47 


24 


216. 2251 


0. 2000 






25 


39. 9627 


6. 0000 




82.52 


26 


168. 8230 


4, 4000 




36. 27 


27 


38. 2994 


30. 5000 







»Ffl 2 0 0 0 - 1 9 3 9 8 
(1 = 5 8 7. 6 nm) .(C^1->5^ifT'?^ioJ:t>'r y 

hmmi^Ms ^titzm-^jE u >x l 1 1 mm^^. o 

lR(imi¥GlR{C:foV^r^t«?f*fi(Cifig^tL/'z;^^^;{7 
;^At^vXLl3(7);^^t$$:. <!> 2 (1^2 t^vXI¥G 2 (:: 
ib^v ft iife)f«|iJlc:iEg ^ tifc > ^ ^ ;t? A u vXL 21 

WlCgBB ^ fSi cEb V X L 3 1 O^aifl ^^n^tlM L 

[0 0 3 1 ] 
I»ll 



n ^ 
1.805182 4)1F= 71.5 
1. 497820 

I. 497820 



1,846660 a>lR= 56,0 
1.487490 



1.796681 $2 = 34,8 

1. 487490 
1.846660 

1.796681 



1. 497820 4> 3 = 36, 8 

1. 497820 
1. 744000 



{fs^um S) 

1. 787971 

1. 497820 
1.620040 



(7) i|#P^ 2 0 0 0 - 1 9 3 9 8 



28 


272.2610 


5, 0000 48. 97 


1.531721 


29 


-62. 3609 


14. 8000 




30 


-36, 5028 


I. 9000 33. 89 


1. 803840 


31 


-160. 6086 


0. 2000 




32 


137. 3427 


4. 6000 49. 45 


1. 772789 


33 


-111.8713 


(Bf) 


























F 


81.5500 


135. 0000 


194. 0000 


DO 


CO 


oo 


oo 


d5 


17 08*501 


17 08501 


17. 08501 


d9 


1.99906 


16.04981 


i2. 87155 


dl6 


32. 05530 


18. 13596 


1.61457 


d21 


3. 43076 


3. 29935 


12. 99901 


Bf 


57. 01947 


57. 01947 


57. 01947 


















p 


-0. 06776 


-0. 11218 


V. LO^OD 


DO 


1245. 1704 


1245. 1704 


1245. 1704 


d5 


8. 48886 


8. 48886 


8. 48886 


d9 


10. 60231 


24. 65306 


31.47480 


dl6 


32. 05530 


18. 13596 


1.61457 


d2i 


3. 43076 


3. 29935 


12.99901 


Bf 


57.01947 


57.01947 


57.01947 



f 1 = 9 2 . 4 6 9 4 
f2 =-27.4621 
£3 = 105. 4937 
f4 = 98. 3299 
f 23 = - 8 8. 5 6 8 7 
f 1F=2 0 6. 1 0 7 1 
f 1R=1 4 2. 2 64 5 
FW=8 1.5 5 0 0 
Dl = 17. 0850 
^Dl = B. 59 6 2 

(1) f IR/ (flF-Dl) =0. 040 

(2) ( \ f23\ • FW) /(fl'f4-ADl)=0. 09 

(3) |f2|/(fl - F W) = 3 . 6X10-"^ 

(4) (R2-R 1) / (R 2 + R 1) =^0. 47 

(5) Np3=l. 4 9 7 8 ( L31:fe J;tJL32) 

(6) vp3=8 2. 5 2 (L31ioJ;lj<L32) 

(7) Nnl-Npl=0. 3 6 

(8) vpl= 7 0. 4 1 

(9) vnl= 2 3. 8 2 

[0 0 3 2] g (1) ^^^mir^t. mimmm-xrit. --^(D^MAcwo^mi^y^'m (tmaR) co^m^mm 

m l/>'XPGl4'Om»GlR(DWS!)S<l>lRJi, MlU ADlfll^S. 6 0 mm ^^^(C^^/^ ' <^ 75^t>75^^o 



BtR=l 5 0 0mm) ^WMmzlrSii ^mi^^mm-Tj^h 

m^\t^m^.^^.mmMx^(^^'&m% (r = i so 
Wi^..^mmmx(j^^]5.m% (r = i s o omm) ^-m. 

to 0 3 31 ^i|K^EI<Ciolr^T. Vm^tF-f-^^^^—k, 

HAitrnQ^^. Y{tmm^. d{tdWi (A = 5 8 7. 
6nm) g(ig/^ (X = 4 3 5. .8 nm) C(i 
Ci^ (/l = 6 5 6. 3 nm) (;L = 48 

6, inm) ^^n^fl7r>i.X\^^h. tfz. 0.^M^^ 

GlF/i. ^f«J;^>^))iiC. mmm^dhm^f^iifz;^^^ 

;^ ;^ :^ u > X ^ 4^ «f j { c tfb ® ^ 1^ { t /c ^ ^ ;^ :^ ;^ IE 1/ 
X ^ O^-a-iE 1/ >'X L 1 K :lb^ i; icdh® ^fp] it 
^::^y^;^7;^JE^'>'XL12;6>bt#fife^ttrv^5o i^fz. % 

iR'Kcdi® ^f^ it fc ^ ^ ;^ :^ u > X L 13 . <i u^^4^f$ 
fRijic ft ^(7:>5^v Irr^ it fci^fi u :/X L 14:0- ^^i;5Jc ^ 

[0 0 3 5] ^b\Z^ ^2 U^^X^G 2<t. ^MiJ;0>b 
l»lM(c. #5(Mil(cd}jci^f^ttfc;^:=^^;<7^:^u>XL2U 
lSjlU]u>X<^fWtai^yXct:(Dg^IEU'VXL22; 



= 8 


1 . 5 5 — 


19 4. 0 0 




N0= 


2. 9 






!#-^ 


r 


d 


V 


1 


95. 6835 


2. 8000 


25.41 


2 


69. 9345 


9. 0000 


82. 52 


3 


419. 6538 


0. 1000 




4 


145. 4966 


5. 0000 


82. 52 


5 


311. 1124 


(d5=pT'^) 




6 


50. 6221 


2. 2000 


23. 82 


7 


44. 8400 


1. 7000 




8 


54. 5779 


9. 0000 


70.41 


9 - 


15627. 6829 


(d9= 




10 


168. 4621 


1. 5000 


46. 54 


11 


30.5148 


8. 0000 
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23;^)^^b^f^S^nTV^5o t.fz. ^ 3 U^-Xg^G 3 (1. m 

{-^mii^hWSz., i^dii/:/XL3K ^XU^M^icmm^ 

]p\{-ffz/ =^7^ti7^iE\yyxtmmmz.m^k\^\-ftz/ 

;^ g 1/ V X coS^iE k > X L 327!)^ I^^tJc ^ tl r V ^ 
6o ^e>(c. ^4uyXg^G4fi, ^W-mi^-bm^cJ ^ 
£] @i ^ { 1 7t ^ ^ ^ 7!7 ;^ IE 1/ V X L 4 1 . ^($: fffKc 
eim^\^k1ftz)^ ^lE\yy^ tmmmc^M^\P\n 
fz/^=^:^i^:^%\y'yXto:>^^^\^i^XL^2. ±^fim 

m^mxxMm^MzW\^\yy^LA'i. ^mmzmm^ 

(^{t7t.?^^;=^:^^Ai^>'XL44. ioJ;t/4^5Ml{cdb®^ 
l^ltf::^:=^;^;<7^IE^'^XL45;6^lbtg^^nrv^5. 
^afuyX||G3<!:m4UVX|^G4i:cOp^1(c(ir^ 

[0 0 3 61 d^(n>^ (2) if-^mo:>%2nmm(r>m 

7t;(7:)iit^ll(f 5o ^ (2) (Cfcl^r. FfiX-AUV-X 
±-^.(nM.^..mt^. FNOiiF-t-://^-^. 

B f li^'^:yi^:7;^-— ;t'>^^. DO f^i^*?!)^^ U^'X 

^Oftt^^l^WMlJfT^L/VX® (^1 u:/X|$G 1 q^^cT)^'^ 
IEU>'XLll(7)i^Mi](7)®) ^X^(D±m\^\'^^tz^M 

ft^fffjTi^GtT^^l/VXScOfifl/?^, r {i^-^vXgcT:^^^^^ 
^tl^. d(i#U'>'X®fBm^. n-^X.Xlvit^tl'etl 
dm (A, = 5 8 7. 6 nm) (C^1-6®l^r'^*5 J; D<T :y 
-<fC^^LTl^5<, ^^(-. a>lF(t^SfGlF(C*5l^rft 
'^4^f*^I!]{-iag$nfc^-^IEt-vXLU<5o;t?;^fg^. (I> ' 
lRmtPGlRtc4yv^Tftt)^WliJ{-iBa:^ti7t;^^y^;^7 
:?;:ftuvXL13(75^3^ti^, <D2i^m2 UVX|¥G2(C 
V ^X^h^mmzUW ^tt/c^^^;^^:^i-'>'XL21 
co^m^^^ ^3(i^3 u>X|tG3^::4yv^TSt^i^^^^^ 
ill I ciEtt ^ tifc db 1/ V X L 3 1 (7);rafl ^ ^ ttm^ L 

[0 0 3 71 
[^2] 



n <P 

1.805182 01F= 69.8 
1. 497820 

1. 497820 

1.846660 ^>1R= 56.3 
1.487490 

1.804109 0 2= 34.8 



(9) 2 0 0 0 - 1 9 3 9 8 



12 


-54. 1893 


1. 5000 70. 41 


1.487490 


13 


40. 4579 


5. 6000 23. 82 


1.846660 


14 


-544. 2645 


2. 4000 




15 


-50. 7200 


1.5000 46.54 


1.804109 


16 


-290. 4023 


(dl6=-5r'^) 




17 


151. 0644 


3. 5000 67. 87 


1,593189 <I>3 


18 


-168. 9103 


0. 2000 




19 


-1957. 4846 


6. 7000 82. 52 


1. 497820 


20 


-38. 3700 


1.5000 39,61 


1. 804540 


21 


-77. 5643 


(d2l=-5j^) 




22 


oo 


1.0000 (f 


I^PfS9 S) 


23 


75. 8673 


3. 9000 46. 54 


1. 804109 


24 


159. 3674 


0. 1000 




25 


38. 5965 


7. 1000 82. 52 


1. 497820 


26 


282. 4316 


4. 2000 36. 27 


1. 620040 


27 


41. 0820 : 


28. 4000 




28 


107. 1704 


6.2000 51.35 


1. 526820 


29 


-77. 1837 


14. 8000 




30 


-34. 2661 


1.9000 33.89 


1. 803840 


31 


-90. 1631 


0. 1000 




32 


90. 4748 


4. 6000 49. 52 


L 744429 


33 


608. 1616 


(Bf) 






















F 


81.5500 


135. 0000 


194. 0000 


DO 


oo 


CO 


oo 


d5 


18. 29019 


18. 29019 


18.29019 


d9 


1. 83871 


16. 27602 


23. 30105 


dl6 


32. 56913 


19. 09128 


3.04815 


d21 


4. 16373 


3. 20427 


12.22237 


Bf 


52. 22757 


52. 22757 


52. 22756 




















-0. 06733 


-0. 11146 


-0. 16182 


DO 


1256. 8485 


1256. 8485 


1256. 8485 


d5 


9. 64204 


9. 64204 


9. 64204 


d9 


10, 48686 


24, 92417 


31.94920 


dl6 


32. 56913 


19. 09128 


3. 04815 


d21 


4. 16373 


3. 20427 


12. 22237 


Bf 


52. 22757 


52. 22757 


52. 22756 








f 1 = 


9 0. 9 0 6 5 






f 2 = 


- 2 7. 4 5 5 


4 




f 3 = 


1 0 5. 9 3 8 


1 




f 4 = 


9 7. 1 8 6 7 






£23 = 


-8 8. 0 8 3 6 




f IF= 


2 1 1. 8 0 0 0 




f 1R = 


1 4 2. 2 4 9 2 




FW= 


8 1. 5 5 0 0 







(10) 



2000-19398 



D 1 = 1 8. 2 9 0 2 

AD1=8. 6482 

(1) f IR/ (flF-Di) =0. 03 

(2) ( I f 23 I • FW) / (f 1 ' f 

(3) |f2|/(fl - FW) =3. 

(4) (R2~R 1) / (R 2 + R 1) 

(5) Np3= 1. 5 9 3 2 (L3l) , 1 

(6) vp3=6 7.8 7 {L31) . 8 2 

(7) }Slni-Npl = 0. 3 6 

(8) vpl= 7 0. 4 1 

(9) vnl=2 3-8 2 

(0 0 3 81 « (2) ^^m-r^t. ^zmmm-r^^t. 

6. 3mm-e^<9. |g 1 t f^«tC^#{C =^ ^/niJ^ 

GIR) (D^m^mWcADim'^B. 65mmt^^SiC^> 

^^^^ztf)^^t>f)^^. 0 9-1114(1. m2.mmm(omu 
y). mil i,tmmmm.'^.mm^mx^<Dmmm'^MMm{c 

^J(kmx<^m&mm («f^SgStR= 1 5 0 Omm) 

mic^n^m^mrnvh mis it^mmMmnmm 

V(DW^mm (R= 1 5 0 Omm) ^:^,^^{C:foit 

m. (R- 1 5 0 Omm) -^M^mA^^n ^Bmmmvh 

[0 0 3 9 ] §l|X^[ll(Ciot/^T. Fmitfi-yy<—^. 
NA(tPJQ^^. YtmS^. d{tdm (A = 5 8 7. 
6nm) gftg^ (1=^4 3 5. 8 n m) Ctl 

{1 = 6 5 6. 3 nm) FflF;^ (^ = 4 8 
6. Inm) ^-^tl^'ti^LTV^^o ^/c. 

m^^i-i^mmit. dm^smtLx^^^tixi^^^, # 

mmmtmmiiZ. ^mM.^mikmici^^'xmmm^M^ 
mf)^hm^mt^mm3AzK-^xm\^m-mi-{cm^E^ 
ti. mMz'^m\^^^mi^^tix\'^zt^^hf)-^o 
[0 0 4 0] iMsmmm] mi 5it. :$:m^(o^3m 

TT^-rmx^-^x. ii:^^m.^.mmmx(^mmm^mik 

^,^MSX-J^u:^X{c4Bl^r. mi i/v-xpg i4'<50 



7 

4'dDi) =0. 09 

7X10-^ 

= 0. 6 3 

.4 9 7 8 (L32) 

. 5 2 (L32) 



tt7tp^^:?^;<7;^iEU'>'XL12;:i>e>«/*:$ixri/^5o t 

10 0 4 1 ) $^{'. ^2 U>'X|¥G2J1. 4^f«il7^^b 
4^fttI»J(::db®^r^it/c;^:=^x;^7;^:fti/>XL2K 
fSi[Uiu>-X,tP^tfbU'>'X<!:60^^IEi/>'XL22, 

^ ^ {t f^ilM] 1/ > X L 23;^>> 

f&^tlX^'^o m3U>X||G3{i. 4^fMil;^^e> 

® ^ (t ;^ X ;(7 X :& 1/ y X (TD^^IE >- X L 327!)^ 
bt#l*$^TV^;5o m4UyXl¥G4{i. ifef$ 

ilij;^^ b jPJ-. i^fMi]t;iDOS ^ f^tt?t>:=^x;^;^iEL/>^x 
L41. iS]£bu>X<V:i^!3Du>'Xi:COig^iEwyXL42, 

;^ # 4^r«ii5S ^mxxmm^ titz f^£b u > x l 43. ^^mj 

(c:{y]®^{p]lt/c;^ ^;^;t';^:^u>'XL44. 
>:^L45f)-bmf^^hXl^^o ^3l^>X|1^G3 

[0 0 4 2] ^co^ (3) (::. :^WM<r)msMmm(Dm 

TcOffl^lgtf^o ^ (3) (-:fcV^T. F^iX-i.UV'X 

B I\ty<yi7y^-j3y^^^ DO tlfef*;!)^^ u>X 
^coSfc^mAijcOUVX® (^1 U>-X|¥G14'<7)^^ 

IE V >X L 1 1 ^O^I^f^flijcO ®) ^ T'03tfft o /iiSggt 

(w*£git) &^nm«LTi/^^o ~^tz. mm^■\m 

d,^ (;i = 5 8 7. 6 nm) [Z.n'f h^^^^ y 

i,mm%\z^m^Mzm'^iE\y:^xh\\(D^mk^. 4> 

lR{r^l¥GlR(C:^ol^T*t^tJfr^iJ^Ciag^i^fc^ ::i^;^7 
;^:ftl^>'XLl3<:0^?Jlfl^. <!) 2Ji^2 U-^Xi^G 2 iC 
t WM'j(-l2a $ tt/c> n j;^ ;(7 A 1/ L 21 
$3(i^3 ^'>X^G3^C:^o(,^ra^i^fe^^: 

(fHcsag $ ti/tifSid]] V X L 3 ^nms L 



(11) 



2000-19398 



[004 3] 



[«31 



El 



= 8 


1 . 5 5-^ 


19 4. 0 0 






N0 = 


2. 9 














r 


d 


V 


n 


1 


103. 


0304 


3. 8000 


25.41 


1.805182 


2 


75. 


9319 


10. 4000 


82. 52 


1. 497820 


3 


2098. 


0323 


0. 1000 






4 


98. 


3401 


5. 3000 


82, 52 


1. 497820 


5 


112. 


4831 








6 


50. 


6238 


2. 2000 


23, 82 


1. 846660 


7 


44. 


6607 


1.8100 






8 


53. 


8307 


9. 0000 


70.41 


1.487490 


9 


54805. 


0040 


(d9= -^m 






10 


567. 


2324 


1, 5000 


45. 37 


L 796681 


11 


32. 


7801 


7. 5200 






CM 


-48. 


3877 


1.8000 


82. 52 


1.497820 


13 


42, 


6565 


6. 0000 


23. 82 


1.846660 


14 


-319. 


5118 


2. 1100 






15 


-59. 


3823 


1,8000 


45. 37 


1. 796681 


16 


2391. 


4031 








17 


559. 


3605 


5. 0000 


64. 10 


1. 516800 


18 


-120. 


6075 


0. 2000 






19 


164. 


0804 


9, 0000 


95. 25 


1. 433852 


20 


-40. 


1294 


2. 0000 


45. 37 


1. 796681 


21 


-74. 


7207 


(d21=^^^) 






22 


CO 


2. 0000 






23 


-309. 


4489 


3. 5000 


47,47 


1.787971 


24 


-119. 7066 


0. 2000 






25 


58. 1442 


8, 0000 


82, 52 


1.497820 


26 


-101. 


2693 


4. 4000 


36. 27 


1.620040 


27 


124. 


9247 


30, 5000 






28 


244.9041 


5. 0000 


48.97 


1,531721 


29 


-65, 6297 


14. 8000 






30 


-40. 8352 


1. 9000 


33. 89 


1. 803840 


31 


-124. 0269 


0, 2000 






32 


322. 3504 


5. 5000 


49. 45 


1. 772789 


33 


-158, 3912 


(Bf) 







81.5500 



► 1F= 70.0 



<I>iR= 55.6 



4) 2 = 33. 4 



0 3= 36. 4 



F 
DO 
d5 
d9 
dl6 
d2i 
Bf 



oo 

19, 67023 
2. 00000 
25. 01804 
12. 67257 
69.71305 

-0. 06928 



135. 0000 
oo 

19. 67023 
17.94895 
15. 90695 
5.83471 
69. 71305 

-0. 11470 



194. 0000 

CO 

19.'67023 
25. 98066 
4. 24008 
9. 46987 
69. 71305 

-0. 16652 



ft • I 



(12) 



2000-19398 



DO 1225.3861 1225.3861 

d5 10. 14062 10. 14062 

d9 11.52962 27.47857 

di6 25.01804 15.90695 

d21 12,67257 5.83471 

Bf 69.71305 69.71305 

fl = 9 7. 5593 
f2=-25. 0000 

f3 = 106. 6982 
f 4 = 9 1. 0 3 12 
f 23=- 6 3. 9 7 0 6 
f 1F= 2 3 0. 0 0 0 0 
f 1R= 1 4 2, 0 0 0 0 
FW=8 1. 5 5 0 0 
Dl = 1 9. 6702 
AD1 = 9. 5296 
( 1 ) f IR/ ( f IF • D 1 ) = 0 . 0 3 

(2) (I f 23 I • FW) / (f 1 • f 

(3) I f 2 I / ( f 1 • FW) =3. 

(4) (R2-R 1) / (R2-i-R l) 

(5) Np3= 1 . 5 16 8 (L31) . 1 

(6) vp3=6 4. 10 (L31) . 9 5 

(7) Nnl-Npl=0. 3 6 

(8) vpl= 7 0. 4 1 

(9) vnl=2 3,8 2 

[0 0 4 4] m (3) ^^m-r^t. m3%mm-r:'it. 

mi U-vXi^G 1 ^(OmUGlRiD^m^^mt. Ml 1/ 
3mini:#^^{c4^^c^i/^r ^^5t?7!i^^o I116'-[12 1 

mxh^). mi 7 it^mm.^Mm'\kmx(r>mmm^m'ik 
WA^i^^if^m^^mxh'o. m 1 8 itmm^mMmmik 
mx<Dmmm'tmMmAc^{f ^m^mmxh^o ^/t. 
Hi 9itfi:n^m.^.^mikmx(D^i&mm mm^mR 

= 1 5 0 0mm) ^MikWAcioii ^m^R^Mxh ^ . m 

2 oit^mMMmm^mx(^m'^mi (r = 1 5 0 om 

m,^.^m^mx(D^}S:mi (r = 1 5 0 omm) ^^m^ 
mAz^^-f^mi^mmx^^o 
(0 0 4 5] FNO(iF-f://<-^. 

NA(iF^P^^. YtiifeiS^. dtidH (A = 5 8 7. 

6nm) gfigH (;i = 4 3 5. 8 n m) C\t 
cm (A = 6 5 6. 3 nm) FitFB (A=48 
6. Inm) ^^tl^'tlTT^LX^^^o $¥.^M^^ 



1225.3861 
10. 14062 
35.51028 
4. 24008 
9. 46987 
69.71305 



1 

4-ADl) =0. 06 
1 X 1 0 
= 0.9 1 
.4 3 3 9 (L32) 
. 2 5 (L32) 



it/ Vf^:ti'^ui^m^7jkLX\^^^, fS^feiR 

M^^F-fiixMiifi. dm^mmtLXTT^nxi^^, # 

umm^^bm h 7)-f^ j: ^ ms mmmc^^ ^x^mi 

\^'^xmmi^^m^^m^-b^^mmmikWAcK-^xm^ 
m^^mi^^jE^iv. mtitz'^i^^±mtm^^nx\^^^ 

[0 0 4 61 n 2 2 :^mm<D^mm9uz.f)^^^^i<:u 
x-M./^mfS.^mm^^^z^^-rm^mxh^o ^i^. m 

22Xlt. ^l||;®#iJC0X-i.L/VX^B^J;^6^^C^V^r 

{^(Dmmm^cMLxhmmxh^o m22iz:is 

l^T. m U'>'XS$G l<7)ffj|$GlFioJ;t>'^4 u>Xl¥ 
G4(l. ^n^*tll/>^Xg^ffiRlF:fc^J:t/L->'X(l^fti 

^2 l/>X|fG2^Bj:?>'m3 U-^XS^GS**, U'VX^ 

^fiR 2ioJ:l/i/>X!i:^fgR 3 ^^LT. Hi^^Kf:: 

J: «9 s:?^ ^n/c X- j^:;t7 A{f z {c]^ J9 fi-it ^nrv^^o 

mi l^V-Xi^G ICOmt^GlRti. l/V-X^^Hi 



(13) 



(0 0 4 71 112 2{Z7r:i'J:o(c. ;$:«§^<7);'cn@itP*9 

[0 0 4 8 1 

XI^m^mm^'^A^^ < . M3i^:l.^.Sg^t;i^ 1 8 0 mmia 

w^m^^xu fiit m^mm x- a u >- x ^ l r (i/j^ ^ ^ ^ 

m4] mimmm(7:>mmm0Mmmikmx'(Dmmm'^ 
[0 5 1 mimmm<Ditnmm>^^mmmv<7y^^mm 
me] mi '^mm(D^rm.^Mm^mv<r>mi5:^m'^ 

ms] ^mm(D^2-Mmm:i:^^j^-b:kQ'i^itP^m^m 
iix~Ai/>X(;)tgiS^^-riiT'feoT. }K'^t!^mM.m 



n?M 2000-19398 

[n 1 0 1 m 2 mm^^i(^'pr^wMmmmx<7^mmm'^ 

[Hill m2^JS«iic7)§ii«:i,#.£Egf«CSIr'coMpsit 

[H 1 2 1 ^ 2 nm&]o:>n;'^t^m.^.^m^mv<r>m&^ 
[la 1 3 1 2 mmm(n^rmMmm^mx(r>m^j&^m 

mis] :^mm(Dm3%mm^:^^y)^^±u'i^itP^m^ 
MiSx-AU'>X(Dp)S:^S^^1-Ii]T$>oT. 
£gSit>c^x^'i7^MPRii^:^t»tSic*5Jt5#i/>Xi¥(ofi^ 

mi 7] m3mmm<D^r^m.^.^m^mv<Dmmm^ 
mis] msmmm(Dmmt^m.^Mmikmv(Dmmm 
mi 9] m3mm^^mjj:^^mM.^mikmx(omi&m 
[D 2 0 ] ms mmm(^^mm.^Mnmmx(om^^mm 
m2i] msmmmcommt^m.^Mm'^mv(r>m^j5:m 
[(112 21 :^^m(D^mmm\::/)-f)^^i^Qmit[^m^M 

m^-(otm] 

Gi ^11^:^X1^ 

G2 m2l/>X|¥ 

G3 ^3l/VXi$ 

G4 ^4U'>'X^ 

GIF mi I/V'X^^^'^Oiftl^ 

GiR mi t^^^XI^'^t;)^^^ 

M RUM^-^- 

Z X-A:;t7Alii 

F :7^ — ;(7;?^;^i>.M 

K m'^U 

R UV'XS^fS 



(14) 



2000-19398 



imi] 



L44 L45 




GIF 



Gl 



I \^ 1 



[0 2 J 



FNO - 2.88 




0.050 



Y = 21.60 



y = 15.10 



Y« 10.80 



Y = 0.0 



2.00096 



' 0,100 




=e=|d«CP 



(15) 



2000-19398 



13] 



FNO«2.88 Y = 21-60 



F F 
C C 



- 0.050 



y = 21.60 



f 1 



gCF 



Y = 2U 



Y- 15.10 



Y-10.8 



Y = 5.40 



Y-0.0 



- 0.100 



jascp 



1114] 



FNO = 238 Y - 21.60 



-0.050 



2L00096 



Y = 21.60 



Y= 15.10 



Y= I0.fi 



Y = 540 



Y-0.0 



-L 0.100 



(16) #§3 2000-19398 

• • • * 

[1151 




me] 




(18) 



2 000-19398 



d ' 



0.700 



-0.050 



Y = 21.60 



0.700 



(119 J 

y = 21.60 




2.00096 



Y = 21.60 



Y = 15.10 



Y = 10.80 



Y = 5.40 




Y-0.0 



0-LOO 



[mi 01 



FNO - 2.90 Y = 21.60 

d • df 



-0.050 



Y = 21.60 



2,000 W 



Y =23.60 



-jdSCF 



Y = 15,10 



IdBCP 



Y- 10.80 



IdKCP 



Y = 5.40 



Y==0.0 



c ^ 



aioo 





(19) 

[lai il 

Y = 21.60 



2000-19398 



Y= 21.60 



Y= 15.10 




Y=» 10.80 



I ^ 



Y - 5.40 



4 



Y=ao 



0.T00 





0.050 







2.000% , J 



LlOO 



IE! 1 2l 




(20) 2000-19398 
[Hi 31 




Idl 4] 



NA = 0.15 y 21 .60 Y * 21.60 





[Hie] 




FNO-2.94 Y = 21.60 



i s I 



(22) 
Y = 21.60 

T 



0.700 



0.700 2.00096 



-0.050 



Y = 21-60 



Y = 15.10 



Y « 10.80 



Y = 5.40 



4*63 2000-19398 



IubCP 



Y-0.0 



-0.100 



[lai 8] 




(23) 



2000-19398 



NA = 0.17 



-0.05Q 



Y =« 21.60 



Y = 21.60 




Y = 21.60 



Y= 15.10 



2.00096 



Id CP 



r= 10.80 




Y = 5.40 



Y=0.0 



-Lq.ioO 



132 0] 



NA = 0.17 
C 



mr 



Y = 21.60 

P F 
C C 



Y = 21.60 



0.700 0.700 2.00096 

-^mmk £Mll£ 

s F 



-0.050 



Y = 21.60 



Y = 15.10 



Y = 10.80 



Y-5^ 



0.100 



|d»CF 




(24) 



2000-19398 



[112 1 ] 




Y - 21.60 



Y = 21.60 



-0,050 




1112 21 




